Hearing loss is the most prevalent human genetic sensorineural defect. Mutations in the CLDN14 gene, encoding the tight junction claudin 14 protein expressed in the inner ear, have been shown to cause non-syndromic recessive hearing loss DFNB29. AIM: We describe a Moroccan SF7 family with non-syndromic hearing loss. We performed linkage analysis in this family and sequencing to identify the mutation causing deafness. MATERIALS AND METHODS: Genetic linkage analysis, suggested the involvement of CLDN14 and KCNE1 gene in deafness in this family. Mutation screening was performed using direct sequencing of the CLDN14 and KCNE1 coding exon gene. RESULTS: Our results show the presence of c.11C>T mutation in the CLDN14 gene. Transmission analysis of this mutation in the family showed that the three affected individuals are homozygous, whereas parents and three healthy individuals are heterozygous. This mutation induces a substitution of threonine to methionine at position 4. CONCLUSION: These data show that CLDN14 gene can be i mplicated in the development of hearing loss in SF7 family; however, the pathogenicity of c.11C>T mutation remains to be determined.
Introduction
Hearing loss is the most prevalent human genetic sensorineural defect. It occurs in 1 in 500 births and affects 278 million people world-wide. [1, 2] The majority of the genes responsible for this disease have not yet been cloned and little is known about the corresponding gene products and their function in the cochlea. Nevertheless, several genes responsible for neurosensory deafness are involved in the regulation of the crucial inner ear ion homeostasis. The most studied include genes coding for the connexins (GJB2, [3] GJB3 [4] and GJB6 [5] ), for the ion channels (KCNQ4, [6] SLC26A4 [7] and SLC26A5 [8] ) and the tight junction proteins (TRIC [9] and CLDN14 [10] ). Claudin 14 is one of the members of the claudin family, which is expressed in the different tissues as liver and kidney, also in the cochlea the hair cells, the supporting cells and the sensory epithelium of the vestibular system. Claudin 14 participates in the formation of tight junctions in different epithelial cells including those of the cochlear sensory epithelia. The CLDN14 (NM_012130) gene is composed of three exons, coding for a protein of 239 amino acid residues (10) . In human CLDN14 mutations cause profound, congenital, recessive deafness DFNB29, possibly related to failure of maintain the electrochemical gradient between the endo-lymphe and its surrounding tissues in the Corti inner ear organ. [10] World-wide studies of the large varieties deafness genes are emerging rapidly. Identifying genes underlying
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hearing loss represents a powerful tool for discovering the molecular mechanisms that control the development, function and maintenance of the auditory system. In Moroccan population, we described the contribution of the GJB2, [11] [12] [13] GJB6, [14] GJB3, [14] 12sRNA, [15] ESPS, [16] TPRN [17] and TMPRSS3 [18] genes in inherited deafness.
In order to add to the knowledge of genes involved in deafness in our population, we performed a genetic analysis of the CLDN14 gene in Moroccan family with non-syndromic hearing loss (NSHL) with unknown etiology.
Materials and Methods

Subjects
Three affected females with NSHL of the Moroccan SF7 family were born to consanguineous parents. Three additional healthy siblings and the parents were also recruited. An informed consent was signed by each Genomic DNA was extracted from peripheral blood of affected individuals and their family members by standard phenol chloroform method. [19] 
Genotyping and linkage analysis
In order to determine the genetic cause involved in deafness, we performed genetic linkage analysis in SF7 family. We genotyped DNAs from the available SF7 family members, using STR markers that have previously been linked to deafness in families of the various ethnic backgrounds (Hereditary Hearing Loss Homepage. URL: http://hereditaryhearingloss.org).
In this study, we used the genotyping approach and Cldn14R: 5'-TTTCCCCCTCTGTCCCTGTG-3', generating two fragments of 586 and 531pb, respectively, overlapping on 101 bp. [20] The KCNE1 gene was amplified These results indicate that the variation gene is likely located in this candidate region. Indeed, it has been reported in the literature that two genes in this region are involved in deafness, CLDN14 and KCNE1, the latter was responsible for Jervell and Lange-Nielsen syndrome, it is also involved in non-syndromic autosomal recessive hearing loss. [21] So we considered that these two genes may be involved in deafness for SF7 family.
Results
Results of genotyping
Results of sequencing
The sequence analysis of KCNE1 gene showed no deleterious mutation or variations in deaf patients tested in SF7 family. In controls, we revealed the c. 11C >T mutation at heterozygous state in 4 individuals with a frequency of 3.33%. for normal hearing was demonstrated by the association between profound congenital deafness and mutations of CLDN14. [10] A recent study made in 30 consanguineous
Pakistani families with multiple affected individuals and 57 sporadic cases with moderate to severe hearing loss, showed that individuals with mutations of CLDN14 suffer from the different degrees of hearing loss with an increase of severity in high frequencies. [22] In this study, linkage analysis in SF7 family with NSHL showed the presence of homozygosity region located at the 21q22.13 region, in deaf individuals indicating the presence of a linkage between this region and deafness in this family. Later, the sequencing of the CLDN14 gene in this family showed a missense mutation (c.11C>T) leading to a change of p.T4M. It was found at homozygous state in three patients and at heterozygous in parents and three healthy brothers. We also found this mutation in Moroccan healthy individuals at heterozygous state in 4 controls.
This mutation was described in other studies such as Tunisian, Turkish, Greek and Spanish patients. [20, 23, 24] The c.11C>T mutation modifies a conserved residue between the claudins 9, 10, 11 and 18 genes. [20] p.T4M protein (O95500) showed a diffuse cytoplasmic localization. It was suggested that the cytoplasmic and/ or transmembrane regions of claudins play a role in establishing fibril architecture. [25] A study conducted in 102 Tunisian patients with autosomal recessive NSHL, showed the presence of was found in 8 homozygous families presenting severe to profound NSHl and two heterozygous families. [23] In addition, another study performed in 60 index patients from large Turkish families with autosomal-recessive NSHL, suggested that the c. 11C >sT mutation is frequent and non pathogenous. [24] Unlike these studies, others have shown the presence of the pathogenic mutations in the CLDN14 gene. [10, 20] Recently, three new mutations (c.167G>A, c.242G>A and c.694G>A) responsible to cause deafness were identified in Pakistan, in addition to c.11C>T variant, which is not pathogenic according to bioinformatics analyzes. [26] Pathogenicity of a mutation is an ongoing subject of discussion. The quandary becomes particularly acute when we are trying to determine if a missense alteration in a candidate gene is important (disease associated). In our study, the c.11C>T mutation was found at the homozygous state only in patients and in healthy individuals at the heterozygous state. The absence of a functional study of this mutation does not give an idea of its pathogenic effect. This homozygous state in our patients might be observed in many other loci in the SF7 family, but the CLDN14 gene is the most distinguished gene.
In conclusion, our results show that CLDN14 gene can be responsible for deafness in Moroccan SF7 family.
While, the pathogenicity of c.11C>T mutation is still under discussion and functional studies are needed to further determine its pathogenicity.
